It is suggested that the R-matrix cross-section for Ps-Xe scattering (Blackwood J In the last year there has been considerable progress in the treatment of ortho-Ps scattering from atoms. On one hand, the fixed core stochastic variational method (FCSVM) has been adapted to perform scattering calculations within the framework of the stabilization method [1, 2] . This has been used to generate s-wave phase shifts for the lighter rare gases, He, Ne and Ar, in the energy region just above threshold [3] . The R-matrix method has been utilized by the Queen's University of Belfast (QUB) group to investigate ortho-Ps scattering from hydrogen and the rare gases [4, 5] . The present comment takes issue with two aspects of the recently published R-matrix study of Ps-atom scattering from the rare gases [4] . Table 1 gives scattering lengths (A) for positron, electron and Ps scattering from the rare gases. Calculations using the R-matrix method have generally been done with two different channel spaces [4] . In the static-exchange approximation only the exchange interaction between the Ps 1s ground state and the atomic target is taken into consideration (the direct interaction does not contribute to the scattering process in this approximation). Some much larger calculations using 22 Ps states to allow for distortions of the Ps atom were also done for Ne and Ar. Two calculations were also performed using the stabilization FCSVM ansatz [3] . In the first instance, the Schrödinger equation for an electron and positron in the presence of an inert atomic core was diagonalized in a large basis of explicitly correlated Gaussians. This calculation should and does give scattering lengths in agreement with the 22-state Rmatrix calculation for He, Ne and Ar. In the other FCSVM calculation, semi-empirical corepolarization potentials were used to simulate the dynamical distortion of the atomic target during the scattering process, but this is not directly relevant to this comment.
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The two aspects of R-matrix calculation that warrant comment are the shape of the crosssection for Ps-Xe scattering and secondly the fact that there are two distinctly different crosssections depending on whether the HF approximation, i.e. H | H F ≈ ε H F | H F , is used in the evaluation of the exchange kernel. Our discussion is focused upon the dashed curve in figure  16 of [4] which rises rapidly from close to zero at threshold and implies a scattering length Comment   Table 1 . Scattering lengths (in a 0 ) for e − , e + and ortho-Ps scattering from the rare gases. The e − -atom A was obtained in the static-exchange approximation and the e + -atom A was obtained in the static approximation. The R-matrix scattering lengths were estimated from the crosssections plotted in [4] and assumed to be positive. The FCSVM scattering lengths were taken from [3] and [6] . The calculations with the core-polarization potential used a polarization potential that utilized both the electron-atom and positron-atom scattering lengths to tune the cut-off parameter [3] . of ∼1 a 0 . The Hamiltonian matrix elements for this curve were computed without making the HF approximation in the evaluation of the exchange kernel and so should be insensitive to its correctness. For Ne, Ar and Kr, the shape of the cross-section did not depend on whether the HF approximation was used. This type of comparison provides a valuable check of program integrity and reliability. The QUB group ascribe the differences between the two cross-sections for Xe to a failure in the HF approximation. However, it is just as likely that the large differences in the cross-sections could indicate a problem with the reliability of their R-matrix program and we believe this to be the case for the following reasons.
Ps-atom
• The sequence of scattering lengths in the static-exchange approximation increase as the size of the target atom gets larger, then it gets unaccountably smaller for Xe. This increase in size of the positive scattering length is a reflection of the increasingly repulsive staticexchange or static interaction between an electron or positron and the target atom as the system increases in size. Table 1 gives the scattering lengths for e + /e − scattering from the rare gases and it is noticeable that the scattering lengths gets larger as for the heavier rare gases. It is difficult to understand why the scattering length should decrease for Xe when the two fundamental constituents of Ps experience an increasingly repulsive interaction with Xe.
• The energy dependence of the R-matrix Ps-Xe cross-section shows a strong peak with a maximum of 85π a 2 0 at 1.5 eV incident energy. The small size of the scattering length and the height of the cross-section suggest that this structure is most likely a shape resonance in the = 1 partial wave. A shape resonance implies a strongly attractive interaction between Ps and the Xe atom. We suspect that the broad structure at 10 eV is probably associated with the = 2 partial wave, and it may very easily be another shape resonance. The existence of two strong features in the cross-section does raise the possibility that the R-matrix calculation may have an s-wave phase shift that decreases from π at threshold, thereby indicating that the Ps-Xe system supports a bound state. The existence of such a strongly attractive potential well for Ps-Xe scattering does not seem consistent with the fact that the e − -atom and e + -atom scattering lengths indicate a repulsive interaction for static-exchange scattering.
• Unfortunately, the deductions about the R-matrix Ps-Xe phase shifts are of necessity speculative, but the issue could be easily resolved if the QUB group were to plot the behaviour of the = 0, 1 and 2 phase shifts from threshold to 40 eV. It would be particularly interesting if the phase shifts for krypton were displayed on the same plot so that the truly extraordinary nature of the Xe results could be highlighted.
• Finally, we have used the FCSVM [6] It should also be remarked that the energy dependence of the Ps-Xe phase shift shows no signs of the structures exhibited by both of the R-matrix cross-sections. If the assertions by the QUB group were true, then the FCSVM phase shift should be compatible with the R-matrix cross-section computed without recourse to the Hartree-Fock approximation, but this is not the case.
To summarize, it should be emphasized that we believe the results of the R-matrix calculations for He, Ne, Ar and Kr to be numerically reliable. We are questioning the numerical integrity of the results for xenon.
